Introduction: Recurrent respiratory papillomatosis (RRP) is usually a relatively benign disease but can have an aggressive clinical course. The primary treatment for laryngeal papillomatosis is endoscopic resection. However, there is no effective treatment for pulmonary spread of laryngeal papillomatosis. Case Presentation: We describe a rare case of a 19-year-old man with pulmonary spread of laryngeal papillomatosis. The treatment regimen was surgical resection under general anesthesia using suspension laryngoscopy and endoscopy. The patient had been diagnosed with laryngeal papillomatosis and had undergone a tracheotomy when he was 18 months old. He underwent 17 endoscopic resections for laryngeal papillomatosis at intervals of 3 months to 1 year. At follow-up, the patient continued to have tracheal intubation and was not extubated. CT scans revealed multiple nodular and cavitary lesions in both lungs. Laryngoscopy performed when the patient was 18 years showed diffuse papillomata in the glottis and left ventricular fold. Conclusions: This article presents a rare case of juvenile laryngeal papillomatosis associated with the human papilloma virus (HPV) HPV-11 and pulmonary spread. Intravenous cidofovir has oncogenic potential, but it has been used successfully to treat five patients with pulmonary spread of RRP. Intravenous cidofovir should be considered as salvage therapy.
Introduction
Recurrent respiratory papillomatosis (RRP), which most often affects the larynx, is usually a relatively benign disease, but it can have an aggressive clinical course (1) . It spreads through the respiratory tract. Laryngeal papillomatosis has a high rate of recurrence after endoscopic resection and is difficult to eradicate (2) . The human papilloma virus (HPV) is found in the majority of patients with RRP, especially types HPV-6 and -11. HPV-11 causes more aggressive disease than HPV-6.
The primary treatment for laryngeal papillomatosis is endoscopic resection. However, there is no effective treatment for pulmonary spread of laryngeal papillomatosis (2, 3) . This article describes a rare case of a 19-year-old man with pulmonary spread of laryngeal papillomatosis and presents a brief review of cidofovir for the treatment of the pulmonary spread of RRP.
Case Presentation
We describe a rare case of a 19-year-old man with pulmonary spread of laryngeal papillomatosis. The treatment regimen was surgical resection under general anesthesia using suspension laryngoscopy and endoscopy. The patient had been diagnosed with laryngeal papillomatosis after he was born in 1995 and had undergone a tracheotomy when he was 18 months old. In 2009, he underwent 13 endoscopic resections for laryngeal papillomatosis at 3-month intervals. Routine preoperative chest radiographs showed no obvious abnormalities until June 2009, when chest radiographs revealed several nodular lesions in the right lower lung and a suspicious nodular lesion in the left lower lung.
In September 2010, the patient was transferred to our clinic for recurrent laryngeal papillomatosis. Chest radiographs showed multiple nodular and cavitary lesions in both lung fields, especially in the right side. There were diffuse papillomata in the glottis and right arytenoid and a small papilloma in the ventricular fold. Numerous subglottic papillomata were found near the tracheal stoma, which was blocking the trachea. Surgical resection with a microdebrider was performed under general anesthesia using suspension laryngoscopy and endoscopy. The type of HPV was HPV-11. The patient underwent surgery for RRP in November 2010, April 2011, and November 2012. During the last surgery, diffuse papillomata were observed in the glottis, subglottis, endotracheal, and bronchus. Endoscopic resection was performed to ensure airway patency. However, the patient refused to undergo a pulmonary biopsy. 
Discussion
In RRP, the histology of papillomata is usually benign, and the papillomata are localized in the larynx. Lung involvement in RRP is rare, with a reported incidence of 3.3% in cohort studies and a reported incidence of 16% in patients with cancer and lung involvement (2) . Juvenile RRP primarily occurs in patients younger than 5 years, with 25% of these cases presenting during infancy. The juvenile form of RRP is considered more aggressive than the adult type (4). The present case was juvenile laryngeal papillomatosis.
HPV, especially types 6 and 11, are found in the majority of patients with RRP. In a a systematic review of lung involvement in juvenile onset RRP, researchers at the Montreal children's hospital performed HPV typing in 49 patients, 27 (55%) of whom subsequently developed lung cancer (2). Of these 27 patients, 18 had HPV-11, and only one patient had HPV-6. Patients with HPV-11 are prone to the development of more aggressive disease (2) . In China, Yang reported one case of pulmonary spread of RRP associated with HPV-6, and the patient in that case developed lung cancer and died (5) . The patient in the present case had HPV-11 and no lung cancer. The reason may be the difference between their susceptibility.
Interferon and cidofovir are specifically used to treat the pulmonary spread of RRP. According to a study by the Montreal children's hospital, interferon did not significantly change the course of RRP when the lungs were involved (2). However, Ablanedo-Terrazas et al. found that intralesional cidofovir therapy appeared to be effective in the treatment of RRP (6) . Studies of 12 patients with pulmonary spread of RRP treated with intravenous cidofovir reported successful outcomes in five cases. Other drugs, including indole-3-carbinol and interferon-α (IFN-α), have also been used to treat RRP. Dancey et al. reported the first successful case of a 35-year-old woman, with bilateral multiple pulmonary nodules and cysts, who was treated with subcutaneous IFN-α-2a and intravenous cidofovir (7). Armbruster et al. reported a successful experience using a combination of intravenous cidofovir and IFN-α-2b in a 34-year-old woman with RRP and bilateral round areas of cavitation and consolidation (8) . Van Valckenborgh et al. reported the case of an 8-year-old girl who showed significant regression of lung lesions and no side effects after intravenous cidofovir therapy (9) . De Bilderling reported one completely cured case of an 8-year-old girl, with suspected lung lesions of respiratory papillomatosis, who remained in remission for at least 2 years (10). The 8-yearold girl was treated with indole-3-carbinol, in conjunction with local and intravenous cidofovir, for 27 months. Riviere et al. reported the case of a 60-year-old woman with pulmonary spread of RRP who was treated with intravenous cidofovir only for 6 months (11). Intravenous cidofovir combatted RRP-related symptoms, as shown by CT scans and pulmonary function tests.
Cidofovir is a nucleoside analogue of deoxycytidine monophosphate. The latter cannot be used to treat RRP because of its potential oncogenicity. One study reported that cidofovir treatment failed in seven cases with RRP, and three cases developed squamous cell carcinomas (2). However, another study reported that cidofovir inhibited the polymerization of viral DNA and enhanced the hostmediated immune response (12) . Given the possible oncogenic potential of intravenous cidofovir, it should only be considered as salvage therapy. At present, cidofovir is not available in China.
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of juvenile laryngeal papillomatosis associated with HPV-11. Although intravenous cidofovir has oncogenic potential, it was associated with successful outcomes in five patients with pulmonary spread of RRP. Intravenous cidofovir should only be considered as salvage therapy.
